In Kuwait, industrial boilers are used extensively in food, chemical, oil and gas, textile, pharmaceutical, power plant sectors for generation steam. As a crucial item in industries, its maintenance is of utmost importance. As there are two main maintenance approaches such as reactive maintenance and preventive maintenance, the application of a typical maintenance is definitely based on types of application, safety concern, and cost benefit ratio. If a boiler is down for few days, it may cause huge loss as it interrupts subsequent steps especially in process industries. In this research, the importance of preventive maintenance strategy for steam boilers in Kuwaiti industries has been studied. Based on relative advantages and disadvantages, a proper strategy is proposed for better management and effective maintenance of boilers.
INTRODUCTION
A boiler is a steam generating unit. It is a closed metallic vessel contains partly water designed to use the chemical energy in fuel to raise the energy content of water so that it can be used for heating and power applications. Many fossil and non-fossil fuels are fired in boilers, but the most common types of fuel include coal, oil, and natural gas. By heating water above the atmospheric pressure, steam could be generated at the desired pressure and temperature. In brief, the function of a boiler is to evaporate water into steam at constant pressure and to supply the required type of steam (Elie Tawil, 2013) .
Industrial boilers are used extensively by food factory, chemical plant, oil field, textile factory, pharmaceutical factory, building material factory, dairy factory, edible fungus factory, garment factory, paper mill, brewery, commercial building, power plant (auxiliary), etc. Commercial and institutional boilers are used in many other applications including commercial businesses, office buildings, apartments, hotels, restaurants, hospitals, schools, museums, government buildings, and airports. Regardless the applications, steam boiler takes into account the safety needs of the actual work, has a variety of comprehensive safety protection functions to maintain 95% or more efficiency.
Boilers are commonly subdivided into watertube boiler and firetube boiler units. These designations reflect the way the water and combustion gases are designed to pass through the unit. Boilers are also sometimes classified by their heat sources such as oil-fired, gas-fired, coal-fired, or solid fuel-fired boilers. Reliable boiler operation requires a maintenance program that includes inspection, test, and preventive maintenance and repair procedures. For the program to succeed, it must be fully documented and have unequivocal management support. Written procedures for all important activities listed below are to be maintained (Jain, 2012) .
• Operations, such as start-up, shutdown, maintenance procedures and abnormal operations, • Emergency response such as operator response to boiler problems, facility response to boiler problems, and operator and boiler response to facility problems and external challenges, • Visual inspection and non-destructive testing and evaluation • Pressure equipment repair and hot work.
• Ensure both facility employees and contracted personnel are properly trained to comply with facility procedures.
• Conduct periodic refresher training and drills.
• Include all boilers and fired vessels in a central maintenance management system. On each piece of equipment, maintain a file which includes:
2 LITERATURE REVIEW In this section, literature review related to steam boilers is presented. It includes the boiler basics, efficiency, maintenance, and safety. However, the maintenance of steam boiler are reviewed in details, where as other subsections are briefly mentioned. This is because the main thrust of this research is preventive maintenance of industrial steam boilers.
Boiler Components
A number of items must be fitted to steam boiler with the objective to improve operation, efficiency, and safety. However, they are broadly classified in to two, which are (i) boiler mountings and (ii) boiler accessories. A schematic picture of steam generating boiler is shown in Figure 2 .1. A general list of boiler mountings and boiler accessories are also presented. Then a brief discussions on boiler mountings (Sadath, 2018) and boiler accessories are presented in the following subsections. 2.1.1 Boiler Mountings Mountings are crucial, without which the operation of boilers is unsafe. Proper maintenance and care of the mountings is important for the safety of both the boiler and the personnel and to maintain optimum operating condition of the boiler (Sadath, 2018 
Boiler Efficiency
T h e E f f i c i e n c y of a boiler should be an important part since the annual cost of fuel can easily be 2 to 3 times the installed cost of the equipment. Therefore, a difference in efficiency and the resultant difference in fuel cost can easily offset a difference in capital cost as fuel savings are on going -year after year. The subject of efficiency for a boiler is rather complex when all of the elements that affect efficiency are considered and a complete thermodynamic analysis is performed. The term efficiency is used in the context of a boiler includes boiler efficiency, thermal efficiency, combustion efficiency and fuel-to-steam efficiency (Clayton, 2018) . Boiler efficiency has a great influence on heating related energy savings. It requires the maximization of heat transfer to th3e water and minimization of heat losses in the boiler (R. Saidur, 2010) (Nakkeeran, 2014) . Thermal efficiency refers to the efficiency of a thermal process and mechanical efficiency means the efficiency of a mechanical process. When used in conjunction with boilers, thermal efficiency sometimes refers to the efficiency of the heat exchanger that is fuel-to-steam efficiency. However, fuel-to-steam efficiency is the most significant but is difficult to calculate in real world situations. Therefore, Combustion Efficiency that can be easily computed using a combustion gas analyser is frequently used for performance comparison purposes (Sunit Shah, 2011) . Combustion efficiency equals the total heat released in combustion, minus the heat lost in the stack gases, divided by the total heat released. For example, if 100 kW are released in combustion and 20 kW are lost in the stack, then the combustion efficiency is (100 -20) / 100 = 0.80 or 80%.
Boiler efficiency can be improved by utilizing e economizer, which may give maximum cost benefit. There are two method for testing boiler efficiency (i) direct method and (ii) indirect method. In the direct method, the energy gain of the working fluid (water and steam) is compared with the energy content of the boiler fuel. Whereas in the indirect method, the efficiency is the difference between the losses and the energy input. As such, a detailed maintenance plan should be prepared and implemented. It should include preventive and predictive or proactive maintenance activities. Boiler, air-preheater and economizer tubes are critical parts. Tube cleaning, leak test and wall thickness analysis should be carried out according to maintenance plan. Wall thickness measurement and corrosion check must be carried out for components of flue gas path (Nishadevi Jadeja, 2017).
Maintenance Framework
Maintenance has been defined as the combination of technical and associated administrative actions intended to retain an item or system in, or restore it to, a state in which it can perform its required function (Dhillon, 2002) . A proper maintenance needs technical skills, techniques, historical data, methods to properly utilize the assets like factories, power plants, vehicles, equipment and machines. The key objective of maintenance is to ensure system function, life, and safety with minimum cost and expenses. Poorly maintained machines or equipment may lead to random breakdowns causing unavailability for service (Alsyouf, 2007) . Three closely related but different decision dimensions are thought to consider simultaneously. These dimensions are (i) output dimension, (ii) risk dimension and (iii) resources dimension. These will be optimising maintenance in an integrated fashion. The overall framework proposed is shown in Figure 2 (Price, 2007) .
The bathtub curve, shown in Figure 3 , provides a useful mental picture of the likelihood of failure over the life of an asset. Similar to the life of a typical human, there is a greater likelihood of failure (death) at the beginning of life (infant mortality). (Daley, 2008) After the period of infant mortality, the likelihood of failure is relatively low and constant during a long period. As the asset ages, the likelihood of failure increases. While the bathtub curve provides a useful mental model of the likelihood of failure over the life of an asset, it is also somewhat misleading. While life generally takes the form shown on the diagram, it includes the simplifying assumption that we actually have a good idea of when the end of life will occur. That is typically not the case. More frequently, we have a general idea of when the end of life will occur but the manner in which an asset is used will affect when the end of life will occur (Daley, 2008) . In the following subsections, reactive and preventive (also called proactive) maintenance strategy are discussed.
Reactive Maintenance
Reactive maintenance is the practice of waiting for something to go wrong with the boiler, and then fixing it. While in some ways, this is the simplest strategy that requires no planning or monitoring. It is by no means the most effective maintenance. Taking a reactive approach in boiler maintenance can be quite costly to the business in terms of boiler downtime, parts and labour costs for repairs, and reduced service life for the boiler. Finally, if boiler maintenance relies on reactive approach, it is almost like inviting a problem and the consequences of a boiler problem can be quite severe (Louis, 2018) . The likelihood of failure under reactive maintenance is high and frequent over the time as shown in Figure 4 (Daley, 2008) . (Daley, 2008) Age Likelihood of failure 2.3.2 Preventive Maintenance Efficient operation of boiler can be achieved if preventive maintenance strategy in place. It would be especially beneficial for those plants that rely on breakdown or run-to-failure maintenance. There are many advantages for having a preventive maintenance strategy, which apply to every kind and size of plant. The law of preventive maintenance strategy is that the higher the value of plant assets and equipment (per square foot of plant), the greater will be the return if there is a preventive maintenance strategy.
Preventive maintenance programme consists of actions that improve the condition of system elements for performance optimization and aversion of unintended system failure or collapse. It involves inspection, servicing, repairing or replacing physical components of machineries, plant and equipment by following the prescribed schedule. It is commonly agreed nowadays that preventive maintenance programme can be very successful in improving equipment reliability while minimizing maintenance costs (Sunday Olayinka Oyedepo, 2011) . This involves careful watching over the boiler equipment in order to anticipate and correct problems before they have a chance to cause a shutdown or severely affect the performance or service life of the equipment. The foundation of a strong preventive boiler maintenance plan is the historical data. Here are some of the key sectors on which boiler operator collect data on a daily basis (GAPS, 2018):
Figure 5: Lifetime likelihood of failure under preventive maintenance (Daley, 2008) The likelihood of failure under preventive is less and steady over the time as shown in Figure 5 (Daley, 2008) . By looking at the data over the course of a week or a month, it is possible to identify changes and trends that could indicate a need for service. This means the operator do not have to wait until the system actually has a serious problem to get service or deal with all the delays and inconveniences associated with such a problem. Routine professional inspections and maintenance visit is another important part of a preventive boiler maintenance strategy. In addition to regular operators, a convenient and planned maintenance services are to be outsourced for few professional visits per year. The conventional professional techniques for non-destructive inspection of boiler materials and parts include liquid penetrant testing, magnetic particle testing, and ultrasonic testing. As such, a preventive maintenance strategy should include the followings (Kiyoshi Shimomura, 2010):
Pre-planned maintenance activities.
•
Maintenance to correct deficiencies found through testing or inspections.
Operating logs for all boiler maintenance are to be strictly maintained. Boiler logs may be as sophisticated as automated digital event recording or as simple as a tag attached to the gauge glass where test activity can be entered. In all cases, provide a written system, which is appropriate to the facility and properly maintained. The system should include, as applicable, records of all safety device tests and inspections, water chemistry activities and critical parameters.
Preventive Maintenance Schedule
Preventive maintenance scheduling should be automated to the maximum extent possible. Priority should be given to preventive maintenance and a very aggressive program to monitor the schedule and ensure that the work is completed according to schedule. For Most Boilers: The schedule of preventive maintenance is briefly presented in Table 2 .1 as an example (Mobley, 2002) .
Likelihood of failure Age
Experiences have shown that effective preventive maintenance scheduling can save considerable operational costs while increasing system reliability. In preventive maintenance scheduling, the outages of each unit have to be scheduled in an optimal way satisfying a number of constraints. Over a planning interval, that overall system availability is to be maintained (Hannam, 2007) . 
Benefit of Preventive Maintenance
The most important benefit of a preventive maintenance strategy is reduced costs as seen in many ways by aversion of system failure (Jain, 2012): 1. Reduced production downtime. 2. Better conservation of assets and increased life expectancy of assets, thereby eliminating premature replacement of boiler machinery and equipment. 3. Reduced overtime costs and economical use of maintenance workers due to working on a scheduled basis instead of a crash basis to repair unanticipated breakdowns. 4. Reduced cost of repairs by reducing secondary failures. When parts fail in service, they usually damage other parts. 5. Identification of boiler equipment with excessive maintenance costs, indicating the need for corrective maintenance, operator training, or replacement of obsolete equipment. 6. Improved safety and quality conditions.
Preventive Maintenance of Boilers in Kuwaiti Industry
Although there are many steam generating boilers in Kuwaiti industrial sectors, there are not many article to report that report the maintenance strategy for boilers. It is assumed that the application of preventive maintenance is not precisely practiced.
Failure of steel tubes in a super heater boiler used at one of Kuwait electrical and Power plant has been investigated by Kuwait Institute for Scientific Research and reported. The failure was due to high heat input, which reached up to 700 0 C for long time. At this high heat level, the steel microstructures transformed and caused failure (A. Husaina, 2005) . The importance of preventive maintenance was highlighted while investigating the failure of superheated firetube of boiler in Kuwaiti industries. It is recommended that boiler firing should be checked periodically and adjusted to the operation to fit the initial design (M. Alradhi, 2011) . Ineffective maintenance and management methods and the lack of timely, factual knowledge of asset condition caused high maintenance cost represent a substantial opportunity for every manufacturing and production facility worldwide. Effective application of preventive/predictive maintenance can reduce 30-50% (FLUKE, 2018).
3 PROBLEM STATEMENT Steam boilers are unavoidable items in modern industrial civilization. Boilers are extensively used in food factory, chemical plant, oil field, textile factory, pharmaceutical factory, building material factory, dairy factory, garment factory, paper mill, commercial building, power plant, office buildings, apartments, hotels, restaurants, hospitals, schools, museums, airports, etc. Regardless the applications, a comprehensive maintenance and safety protection are to be ensured for safe and efficient functioning of any steam boilers. Although there are several maintenance approach for efficient boiler maintenance and effective functioning, they have their own merits and demerits, which are associated to cost, and benefits. Among the approaches, preventive maintenance of steam boilers is thought to be the best for efficient and smooth functioning.
However, historically it was observed that the steam boilers in Kuwait industrial sectors suffers from sudden malfunctions and causes process interruption and hence financial loss. As such, a critical investigation of application of preventive maintenance of steam boilers in Kuwait industrial sectors is essential. In this research, the application of preventive maintenance of steam boilers is to be surveyed and analysed to identify any weakness and to propose appropriate preventive maintenance of steam boilers in Kuwaiti industries. The cost effectiveness for preventive maintenance is also will be analysed. Based on the present literature review, the research gap has been analysed and presented in Table 3 .1.
RESEARCH PHILOSOPHY
Kuwaiti industrial sectors rely on labour from Kuwaiti citizen as well as foreign experts and workers. Many of the services are subcontracted to local and overseas companies for years. As such, the people at the workplace are from various nationalities, language and cultures. However, most of the companies have no induction programme for harmonization, language and technical training to develop the eco system at workplace. As a result, there are differences in understanding of technical responsibilities and practices. Therefore, it is assumed that either there is no well-designed strategy for preventive maintenance of steam boilers in Kuwaiti industries or the existing strategies could not be strictly followed for safe and efficient running of steam boilers.
RESEARCH SCOPE
The main scope of this project is to study the practice of preventive maintenance of steam boilers in Kuwaiti industries to identify weaknesses and then propose effective approaches for better maintenance of steam boilers. It includes the followings:
1. Studying and investigating the existing preventive maintenance practices for steam boilers in Kuwaiti industries. 2. Analysis of surveyed data to identify the insufficiency of maintenance approaches for steam boilers in Kuwaiti industries. 3. Propose efficient approaches for preventive maintenance of steam boilers to ensure smooth and efficient running of boilers in Kuwaiti industries.
RESEARCH OBJECTIVES
The objective of this research is to formulate efficient approaches for effective preventive maintenance of boilers in Kuwaiti industries. The specific objectives of this research are as follows. 1. To study the present preventive maintenance approach and real practice for boilers in Kuwaiti industries. 2. To study the enforcement from the government to comply for maintenance of boilers for efficient and safe running. 3. To analyse the surveyed data to formulate efficient and applicable approaches for preventive maintenance of steam boilers. 4. To validate the proposed strategy for preventive maintenance of steam boiler in one of the selected industries. 4 RESEARCH PHILOSOPHY Kuwaiti industrial sectors rely on labour from Kuwaiti citizen as well as foreign experts and workers. Many of the services are subcontracted to local and overseas companies for years. As such, the people at the workplace are from various nationalities, language and cultures. However, most of the companies have no induction programme for harmonization, language and technical training to develop the eco system at workplace. As a result, there are differences in understanding of technical responsibilities and practices. Therefore, it is assumed that either there is no well-designed strategy for preventive maintenance of steam boilers in Kuwaiti industries or the existing strategies could not be strictly followed for safe and efficient running of steam boilers. • The present maintenance systems need to be studied and revised for better services.
• The downtime of boiler should be significantly reduced for efficient and uninterrupted industrial processes.
• Based on the study, selected plant can be considered for pilot study to verify the improvement.
• An appropriate research methodology is proposed for conducting this research.
